O ver twenty years have passed since the first observations of Bose-Einstein condensation in a dilute atomic gas, yet the study of ultracold gases continues to reveal fascinating insights into the quantum world. This success is driven by the ability of researchers to understand and harness subtle physical phenomena in order to exert ever-more exacting control over ultracold atoms. For example, it is becoming routine to manipulate, interrogate, and detect individual atoms confined in optical lattices. The behavior of atoms in such artificial crystals of light can mimic the physics of electrons in solids, enabling the simulation of more complex quantum systems. In this context, atoms with two valence electrons, such as strontium and ytterbium, offer new opportunities to simulate systems with many degrees of freedom, such as transition-metal oxides and spin liquids. Unfortunately, an important control technique, the ability to tune atomic collisions with a magnetic field through the use of a Feshbach resonance, was expected to be impossible in two-electron atoms. However, two groups, Simon Fölling and co-workers at the LudwigMaximilian University in Germany and Leonardo Fallani and colleagues at the University of Florence, Italy, have realized a novel type of Feshbach resonance that tunes the collisions between fermionic ytterbium atoms in different electronic and nuclear spin states [1, 2] .
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In the ultracold regime, atom-atom collisions are dominated by isotropic (s-wave) scattering. Because of this, the s-wave scattering length determines the strength and repulsive/attractive nature of atomic interactions in the gas. At a Feshbach resonance the scattering length diverges, allowing the atomic interactions to be tuned across the full range of possible values. Feshbach resonances arise when the energy of two colliding atoms matches the energy of a bound molecular state. The bound state is associated with a different molecular potential that is normally inaccessible (or closed), lying higher in energy than the colliding atoms in the entrance (or open) channel (see Fig.1 Researchers use optical pumping and other techniques to prepare an ytterbium gas in a mixture of orbital (|g , |e ) and spin ( |↑ , |↓ ) states. This leads to different scattering channels, like, for example, an atom in the |g  state colliding with another atom in the |e↓ state. For zero magnetic field (left), this ''open'' channel |g  ; e ↓ has the same long-distance energy as the ''closed'' channel |g  ; e ↑ . But for a nonzero magnetic field (right), the two channels are separated in energy by ∆µB, which can be tuned to match the binding energy E c of a shallow molecular bound state in the closed channel. This resonance condition produces a very large change in the atomic interaction strength. (APS/Alan Stoneb raker) spin of the unpaired valence electron and the nuclear spin provides a coupling between open and closed channels with different magnetic moments. An applied magnetic field may then be used to tune the colliding atoms into resonance with a molecular bound state. The exquisite control of the scattering length that results has made the magnetic Feshbach resonance an important tool in quantum gas experiments, enabling many scientific breakthroughs, like the realization of the BEC-BCS crossover and three-body Efimov states [3] .
In contrast, alkaline-earth-type atoms with two valence electrons, such as ytterbium, have no electronic angular momentum (zero total spin) in either the singlet 1 S 0 ground state (denoted |g ) or the metastable triplet 3 P 0 excited state (|e ). The magnetic insensitivity of these states can be a plus: the associated suppression of the hyperfine interaction makes these atoms superb candidates for a new generation of atomic clocks based upon ultranarrow optical transitions [4] . At the same time, however, these properties preclude the existence of magnetic Feshbach resonances within either of the two orbital (|g or |e ) states.
However, there is another way to induce a Feshbach resonance, as shown by the groups in Munich and Florence. The teams realized a recently proposed technique referred to as an orbital Feshbach resonance [5] . Working with ultracold ytterbium ( 173 Yb) atoms confined in an optical lattice, the researchers exploit an additional spin degree of freedom offered by ytterbium's I = 5/2 nuclear spin. Out of the multiple nuclear spin states (N = 6), they select two of them (|↑ and |↓ ) and then prepare the gas of atoms in a mixture of specific orbital and spin states. This leads to multiple scattering channels. In particular, when a magnetic field is applied, it is possible to identify an open channel associated with |g  ; e ↓ and a closed channel associated with |g  ; e ↑ (see Fig. 1 ). When the atoms are far apart, these states have an energy difference (∆µB) that arises from a small difference in the nuclear Landé g-factor between the orbital states, |g and |e . Crucially, at short range, the correct symmetrization of the scattering states mixes the open and closed channels leading to an effective interorbital spinexchange interaction [5] , which provides the necessary coupling to the closed channel.
The final ingredient needed for the existence of a Feshbach resonance is a bound state in the closed channel within an accessible magnetic field range. Remember, however, that as both orbital states have no electronic spin, there is only limited tuning with magnetic field through the nuclear Zeeman effect (which is smaller than the electronic Zeeman effect by a factor equal to the electron to proton mass ratio ∼ 1/1836). Fortunately, recent measurements by both groups [6, 7] of the interorbital scattering properties revealed the existence of a shallow molecular bound state in the closed channel (binding energy E c in Fig. 1 ), bringing the predicted orbital Feshbach resonance within reach of the experiments.
The two groups present complementary observations of the resonance. The Munich group measures the inter-orbital thermalization rate (which is proportional to the collision cross section) in the closed channel as a function of magnetic field. From this they extract the scattering length, which reveals the characteristic dependence of a Feshbach resonance. The Florence group measures the expansion of the gas following release from the trap. For gas prepared in the open channel, they observe an anisotropic expansion when they tune the magnetic field in the vicinity of the resonance, indicating a high collision rate in the gas. Both groups identify the field where the interaction strength is the strongest (the pole) to be at around 50 gauss.
Intriguingly, the absence of electronic angular momentum in |g and |e with the associated decoupling of electronic and nuclear spin leads to a novel SU(N) symmetry in the collision properties of ytterbium [8] . This symmetry means that collisions between two atoms do not depend on their nuclear spin. Both groups demonstrate this by repeating their measurements using different spin states and showing that all the data collapse onto a single curve. This SU(N) symmetry, together with the long-lived clock states |g and |e , represents a highly controllable system in which the exchange interactions at the heart of many magnetic phenomena (such as the alignment of spins in ferromagnetism) can be studied with exquisite sensitivity. In addition, the control of two-electron atoms demonstrated by the teams of Fallani and Fölling opens new opportunities for the study of unusual forms of topological superfluids with spin-orbit coupling [5] . They also bring within reach the quantum simulation of novel spin-lattice models [9] relevant to our understanding of magnetism in strongly interacting materials.
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